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(54) RAW MATERIAL ALLOY FOR IRON-BASED RARE 
PRODUCTION METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a raw material 
alloy for an iron-based rare earth alloy magnet 
producible by a strip casting method. 
SOLUTION: This raw material alloy for an iron-based 
rare earth alloy magnet has a composition containing, by 
atom, 5 to 10% R (R is one or more rare earth metal 
elements), 10 to 25% Q (Q is one or more elements 
selected from the groups consisting of B and C) and 0 to 
7% M (M is at least one metallic element selected from 
the group consisting of Mn, Ti, Cr, Nb, Zr, V, W, Hf and 
Mo), and the balance one or more elements selected 
from Fe, Co and Ni. The alloy contains an amorphous 
phase in >60% of the whole by a volume ratio and has 
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an alloy composition having higher amorphous phase forming capability compared with the 
case in which 1 1 % R is contained. 
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(54) vmo&M »s*±is^^«sfflKfi^*«ty:^©®j&*s 



(57) [BR] 

[ mS&St ] 5 M&OiLk 1 0 JK* K*SJ©R ( R « 
1 S£U:©#±S£JSS7e£) . 1 0JEH^%tLb2 
%«T©Q (Q»B*jJ:VC*>€>)tcSgf*>6Jl»?Snte 

M (M«Mn, Ti, Cr, Nb. Zr. V, W, H 
35Y£tt© 6 0 %fcLk©#H!lffl££#. 1 1 B«(0 




1 

[M#gl ] 5JH-f56Ja±l 0/!^%*^©R (Rtt 

i »H±©*±(te«7aR) . 1 o^%w±2 5)st 

%«T©Q ( Qtt Bfc <fc C#> h ft 6 jSIR 3 tifc 

©M (MttMn . Ti. Cr, Nb, Z r . V, W, H 
f. fc«ta t Mo^e>&5»*6ilJR$ti/c^!Q:< tt> 1 
S©#«7C^) £^PTU gg*#Fe. CotectCKN i 
a>6tt*«!&»6j»l?3tifc 1 «K±©7c3RK J:-»r A» 
6*lfc££©&&-C*r>T. 1 OM*%kU:©R£^if 

*HSB^©^*."&^U. &tt£££ft£J-f SXat. 

/#©?&a)jis-CHifB^©^a*ti^-r sciw 

5 . #8Ufc*T£fl;© 6 0 96«±©#JH(ffi*£tK&» 
^fe*ft»-rSBI*I 1 KE«©i*K#±Ste&«EJlJ 

[81*83] XM;»^t^Wt»>TllB« 
i§jS£ftaj-f 1 S/ctt2«ciB8©ftS#:rJI£ 

[I»*JI4 ] 5JK*KJ£U:1 OjKT-56*»8©R (Rtt 
1 a«±©#±S^)l7cm) . 1 0M^%«±2 5 Wft 

lSt(±©7c^) . te«fcCJf. 0 M^-%£Lh 7 JStTHHT 
©M (MttMn. Ti. Cr, Nb. Zr, V. W. H 
f . fc<£ M o *> & ft zm-fr <E>SMiR3 ftfc4>& < i 1 

*>&&a#*»e>a0?s*ifc i aiy±©7^fc<t-,-cA* 

Ji&T SXai. 
^fi85©l?®^TiS„ 

[t§*Jl 5 ] i9SSL»xeKfcir>r. i o 1 o 1 *c 
/®<mmm-?wt&££<Dmm$:Mtii-t sc <t tc «t 

^fe*fWB1-SBW»3l4 icIBiS©^SH±®^Sg5© 

[I8*J16] X h y v + * Hffi*ffll>TlWB^fe 
?8®£?&ipr 4 fctt 5 fcfatS©££a*±SI£ 

£»&©«&#&. 

m^mi ] i *»s 3 ©t,»rti*KEtt©wa 
WEjH»^*ttiMb-r *xst 4«a«±« 

£&«E©«»m 



(2) ^2002-80 92 1 

2 

[ 111*8 8 ] 11*51 4 *> 6 7 ©t>rtl*>KEtt©«» 

KS85©*BS*& 
[ M*9 9 ] 5 m*%&L± 1 0 M*%*ii©R ( R tt 
l««±©#dh»tell7cSR) . 
1 0IW6Lt2 5H^%WT©Q (QttBfc«fctfC*» 
&&S»fr&il!R3ftfcl«6lt©7G*) . fc.fctfOM 
10 ¥%&.±7 MT%£[T©M (MttMn. Ti. Cr. N 
b. Zr. V, W. Hf. *5<fctfMoa>6&S{*rt>6» 

SI^SF e . C ofcitfN i 6 7c 

i «tLh©7cjRK: «t -> r A&e,tifc^s#±»^sa5 

ftSJt*^*© 6 0 KU(DMffiKd», 1 0 JK 
W5Lh©R*dt»»^*ctt«Or^fflJf«fiSS6*Ji*l> 

[|6^©Wffl«:SiW] 
20 [000 1 ] 

[^w©ii-r-5fi^»»] sa*-*-?>7i' 
^©WKSStfcwr*. 

[0002] 

[fiE*©£Scffi] F&BttfB (R,F e,.B«t£) fe<fc 
c/itfffifcS&i&tttB (Fei B©<(fc£f5-?>a - F e &£*) 

© 2 ts^^^t y 3 > #y 9 h lemm § tlX t> 

£ ({**«". B*t&ffl«^#KVo1.24 (200 

0) 196. E. F. Kneller et. al . , IEEE Transaction Ma 
30 emetics, Vol.27 (1991) 3588. Z. Chen, et. al . lour 
nal of Alloys and Compound, Vol. 287 (1999) 227. 
R. Coehoom et. al . Journal of Magnetism and Mater 
ials, Vol. 80 (1989) 101. L. Withanawasam et.al. 
Journal of Applied Physics, Vol.76 (1994) 7065) „ 
[0 00 3] Cil^Oi-y a>#i>? H&EiWkr& 

c©«fc^«tmi6jim«. m&mfcz^x&g&itb* mm 

Mc\tW-*MBXlSk» 10-'- l 0-<mm&<DVkM®.® 

40 infivmrnttm. 

[0004] m&imym'&icisiizm.mffimt. mm 

Jcto tf 5 Hi^® H^©iffl®t8^*^ii^ & t © i & * 
ft:©. ^©^©jSMaa^fr^infiKClBSUfcil/Tfc. 

c<tttt? c©^^(c. Gsmmo&tf&kmts. 
50 jw?-rs*>jwitifc»5*iai-r*±r«»"c*s. « 



(3) 

3 

[0005] j^-ct*. &fcvm&&f>im 

[0 o o 6 ] hx *V7^ (ffliS 

^xx>) *js»tcwf anj»«*ffl«.>. zotti®;** io 

t-M/s*. asfcBBN (Sffctff *) j** 
h ^ t--> yfficctew zM&m&tt i o s -c/tmmi 

[0007] toj^fry^hxtr-^a^fflt'T, 

1^4,8 0 2 ,9 3 l#©Wffl»(ClB«3nri»-5. C 
©^fffitCfcfttt. *©££©8»4#x 20 

<t£r>xMi£tzctxm^tiiMsx)\'Zmm$ii. ® 
■m&tem.zt&-z>x&ti)u-)i^tiiM?z>. ,m^D-;u± 

tt. »»©aac-BJ&att*%it.T. fi»p-*©*if 
M¥L-?w£t ta»i&g-c**. c©^©ssn%wsp 
■thiab. \8®;X)i>tf&mxiSbh. ^Y^oMfSid. 

r>xm<*n<fctfz>ctifixiimtt£y)< »t,>»#«© 

[ 0 0 0 8 ] ^ x t - > ygTB, 
o-;Ui©«*feg3«3S<. *j*j«t-¥-5mm£tT-C* 30 

[0 00 9]y;l/Mf-> ^&(CB. $$88lW8*n 

&&ii©ft*sa o * b x > vmictsv ZM&Xlt 

1 k g/#J£TF©&ii6fi) ^^^©Wi&'&tfAS 

l>„ 40 

[ooio] x h y ^t^+x £&g» 
cc^-raci-c^^si-rs. &*pp-;kh^©& 

UL£^xmi?Z>. £&%®<D®£t)i>>t>¥ktSla-)\,<D 
oTftiPSftS,, C©*S*, Xl-'j^^ + Xhffi-C 50 
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B. >;UhXf^->^i£©Ji^i^<3, rgiS©?SS0 
£ a - ; WII i©«ftiS 3 *«Jfc®ttrt* ^t^SIEffl 
(fi5mmtU:50n)m«T) £f#o„ *<Dtclb. Xh 

BW<,>©#-fS8*rC*4. 

[00 11] ^^©ct^tc. X hy-y^+tXHS-CB 
>;l/HXf->^©j;^Aj:a?#yX;U*fflt,i-r, Bite 
•T S a -.ikL'N ^->»^/M.-c^#?§^i©«*& 
*tf&9*:». 1/-c*j»k Kii3Xh©jg 

Timm-tZ>Ctifii>lffiXihZt%%.e>tiX^Z>. 

[0012] 

[»M3ii»»LJ:5 4-r*ll!H] 0*»0tt*»6. XFU 
H¥8 - 2 2 9 6 4 1 #^«) . CtlB, X h 

tx \-mzm^xi$E l m§*&< ^ts^^mm 

SKtt. #B»^*B©m>£&^*liffl*efcfi*«* 

ri»fc^<fefi(S%-e©ssx h';-^tt^ hi£«:iiffl 

[0 0 13] $2£BJB. iJBUJtifcSSar&Stifcfc© 
T&O. *©B»tr*£C5tt. Mf4^#©SfiS5rPI 

hc^ffi^cx h v 7* + x ha-c©fP«*J BlfE&&» 

[00 14] 

T%*$t©R (RB l«K±©*JdH^«7cSR) . 1 0 
M7-%W±2 5^%WT©Q (QBBte«fcCJ f C*>e>«c 

saf*>6jiiRs*T./cia«±©7c^) . teic;. om- 

%fet±7/S^%felT©M (MBMn. Ti, Cr, N 
b, Zr, V. W, Hf. fc<fct>'Mort>6fcSi¥*>6iI 

Fe. CoMVN i35^*Saf^P>3i!RSnfclfflJy 

±©7C5Scc<t->riS»e>n/i:^©^i-c*-7r > 10 

M^%W±©R?r#tfli^{Cibf5L,r^amm^* s li5 
[0015] mfiati^IfiKfeOTB. 1 0 J ~ 1 0 S 'C 

/^©!^*pjiarfl!riB^©^4^-r*c<b«:j: 

0, (*8IJt*r±{*©6 09<«±©#M«**tKft» 
[0016] JfSLUSUS^KtetirB. x h >; 



[0017] *8W«c,fc*i^»±S^8te©tti# 
SB. 5JSWW±1 0 «*?«*«© R (RttlWJLh 
©*±»£J&7ciR) . 10ffi^%«±2 5M^%WT© 
Q ( QB B fc J; VC *> P> ft £S¥#> 6 iliR S titc 1 SW± 
©7«5I> . te<fcO\ 0JStW«±7«WfitT©M (M 
BMn. T i , Cr, Nb, Zr, V. W, H f . 

jcSR) M*iFe, CotecfcO'N i *>6flcS 

8¥*>6iiiRi*ftfc 1 «JW±©rc£fc£oT£«>6*ifc£- io 
£©i&§T-$>o-C, 1 0IK*KJ5Lk©R4£trt»£«:H: 

[ o o i 8 ] BStaiiftificctB^-c. io'-io'-c/ 
<*«&*•?£&© 6 o K«±©#flfWH*£tKii»£& 

[ 0 0 1 9 ] 0t U^fll&S^Sgttfc^TB, Xh'J-^ 20 

**x h&£JB^Ti!?f2££^rl£&aJ-r£o 

[0020] *«Wfc<fcSfai*±St^»50»i* 

£&«sswb-rs:ce<t«:fc£-ra. 

[0 02 1] *^CCJ:S)1<> KS85©S2ii3tt£B, iw 
KttSfctWW -SHI £ 4S£* a. 

[0022] *^cc £mm±M-&&®.zmmn-& 30 

£B. 5 m*%&,±. 1 0 JlT%*ii©R ( R B 1 «Jl± 
©*±£I£Htc*) . 10JR^«£U:2 5«^56«T© 
Q ( Q B B te J: O'C *> h ft 5Sf 6 SIR 3 tifc 1 SfcLb 
©7C3g) , te«tc;0M^-%J«±7S^%«T©M (MB 
Mn, Ti. Cr, Nb. Zr, V, W, Hf. teiO' 
M o *»64*»3i>6jW?S ftfc'J>& < 4 1 ffi©£H7C 
39 ftS>#Fe. CofcJ:i>*N i frfcttSS 

*6 3W? 3 n/c 1 @«±©5cmK: <fc r *=>*ifc&g 

6 0 9flGLL©#Ji»I*£*. 1 0J5W6«J:©R*5 40 

*. 

[0023] 

^^©^^SPL/tSH^-tfStg^ccfc^t:, # 
B B B M^JS;^©[Si±«:^TSi^x6tir^/c 0 u*>b 
*»w*«#«©i8»%«»)ii-rc tic «fc o . 
c © c i ^-r t «>*^cb«: t » c i * jam uc. 

i>5. *^^^©fflfiXtb$*! 1 0MT-%«±2 5M 
*%OT©t^#±$i££®E£ft$^Sii£. *±» 50 
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7cStR©3II&J:fcl£& 1 0J^K*»«:«WlR"J-h«. #>* 

or»±seaRR©aiasik**> i ojR*Ktt±©»£j: 

[0024] itltf, #±S7c£R©^tS£ 

fg»'T'5CiK:«fc») > ^ hxt-~>^&(tttr<-cft£p 
[0025] * i- * + x \-m-cmkWc& 

'mmk (»*3Btt) A Mti 
©I9*^tt{cl:b^racjfj«:ifi< &a (tx^? htfc#t l 
KiS<J5c5) . $5RB, ^©7X<^ htk*s l {ciSt,>e 

t\ wiB£a&r s*i£«:asK**U:*sa £ to s j*** 

*Sfc©. *«WKJ:S*±SHtt5©»*««K>F«5 

[0026] *^©^S#±IS^ia5fflJ^f^ 
tt. 5 K^%«± 1 0 M^%*«©R (RBI «fe<±© 
*±»#S7C^) . 1 0Mfi-%ilkh2 5M^%«T©Q 

(QBBfcJcUfC^^&S^^iiJRSti/i: 1 ffllXh© 
76^) . teiO*. 0M^%JiLh7^%WT©M (MB 
Mn. Ti. Cr. Nb. Zr. V, W. Hf. fcj:!? 
Mo#&&*f¥*>6B!R3ftfc4>&< 4fe 1®©^tc 
*^WL/. SS&tfF e. C otecfcO'N i 1i>>hUZ>® 
JiPfcSIIRStl/c 1 ««±©^(CJ: or 

[0027] ±ififfl)SE©^^»4^-rS4 v »iPii 
g^fi^LTfe, ^ B B B M^tg©tS]±(c <fc •) . {*«ib$ 

[0 02 8] [^©PR^JIS] QB, ^©^S*5B 
(-•l<a>) *6«^3nS*>. SfcB, BteiJ/C 
JR) ©»*^t>ttfcl/<BCma*»e)«fi!5SnS. Q© 

iis*Ji o j -c/#~ i o 4, c/»e*4tt:«ttfti>*i 

fe. fifJAB4 8 0kA/m*^©[gt,^fiS*H tJ L^fS 

htit^K n?ftn»a©*rfeisgffl*5jt$jjet| 
h y •> 5"+ ♦ x hffi^sfflf * & < & o . 7^sa 

S©ffitg*s±#b-CU*^„ Q©tffiJEJt*x#i2 
5 & £ . *£ B e B ^Wfflf*fc^TS# B B B M 

^©^ib^Jio. ibib#cc. mm^-cmm^mm 
mtimr z> a - f e <Dumtmm'p? s sis 

Ha«ttB r #HrR/CL*5. «±©C4*»6. Q© 
UiWWB 1 0 mT%&±2 5 JJH%«T©«H«:iKt 

[0 02 9] RB. Lafc<tVC e^HHWK^S^C^ 



7 

©sB8SgJR©-»& D y *y <fcCX/4fc«T b "CBftUr 

MAQJHKCiMftR, F e 1( B9tltl»« 
*Sfc£«tfl*^K*lH«\ 4 8 OkA/mHi© 
«a*H«,t»«ct#r#ft<ft*. *fc> ROffiS 10 
H*y#10JRW«Jbfcfc*± % #SR«littB3Wai/ 
<ffiTf*. C<Dtc&>, X h U hffiCCcfcoT 
tt#a»**6 0»«%K±fe*tf <fc 9ftft»«B^ 
*f¥»t*Ci3WC#&<ttS. «fc9ff*U»R©Kffi 
tt6. 5JJR««fiU:9. 5M^%«Tr*0, E«C»* 
U>R©«Htt7. 5HT-%«±9. OJSHPHet'FC* 

So 

[0 03 0] aSJD7C*M». Mn v Ti, Cr, Nb. 
Zr, V, W, Hf\ te«fc#Mofr&ft5»fe6«tl?S 
ftfc4>& < <b 1 «©£BB7HRT* 0 % #afl&att£ 20 

BKbsWSTra. M<DfflJfl6l:b*B0/a^%« 

[0 03 1] Felt ±»©5E3R©*«Bbfe*iS»* 
**, F e ©-8B*C o <fct>*N i ©-«*fc«r«©a 
^StE^ (T) T^Lrfc»r«©*^#tt*f»* 
CtfftVtt*. Fe(C^ST<DSBMWS5 096«riH^ 
Si, 0. 7T«±©*^«B«E«affiB P *JS%nft 30 
K t<Dtctb, WUItt0 9€a±5 0«6lT©«H«:iH 
ST4C<h3W*bC>. Fe©-S*CotSft 

, F e,< B*B©*.* y ~fiffi#±#TSfc«>* MMtt#s 
frii^S. CoCC£*Fegft«D#*U>tSffl«0. 
5Kja±4 0WfiTFC*3. 

[0 03 2] **9B<Djff * LC^ j8ft»»*»Wr 
S, 

[0 03 3] ♦WBBttCI* * h y * ^+t^ h^g 

*jac»Tiafte&*wirt-a. BMtLWt>#daeaR 40 

R-*>Feft*t?JRH^©BMk*l»<3ft8e> % 

^y«>A*ytttr^=f>«<D*^*s*4fflc»s 

[003 4] [^«»©Sl>fr8Bft] *"T, 9u»©*fl 

©Sd» ®m<Dii§®mmcmbx, i^anas* 1 0 3 - 50 
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1 0 , -C/®t?Z>CtDW£L<, 10 4 -10 S *C/ 
[0 0 3 5] ^©S»*«ilKo J: ^rjftfflsn 

BfiTi/, s§@-rs 0 *©« % «@Lfc^*tt»aip- 

Jgr tt. P -*Stffi»flS 5 m/#«±2 0 m/#HT 

©«Hrtfcs»"fsc£K:<fcoT, #ait*r^#©6 
o^e^^^aiittsccftiflijft^feifai-rs. p- 

^#S&ftft<aa©riJ*L<&t>. p-;u 
MMXftft^ 0m/#*iHit*t, fi&8B£&©B 

±tt##a wi t a o r u « ftottw UMra 

Ig*fr5*£, ISafb:/a*x#^Oc«fTU IfllSS 
©»JtB*SB»ca&/c«>H* L/ < ai>. J: 0»* U>P 
-*fift««©«Htt 7 m/WSl± 1 5 m/lMSlTC* 

s, 

[0037] ft*, &£&*»©*»« 

[0 03 8] [Wfii] *mfiJB«Ttt, NMB9i«7^ 

2 0 "C/»i L X . 5 5 0 "C6l± 8 5 0 *C£TF© 
fifir3 0»JM±2 0»«T©«Flfflff«Fl/m 

[0 03 9] 4*5. «WffliaflE3»5 5 0XltTHSt. 
Rz F e 14 BSaSiMB#«rai/ac>fcat>, ««*35rJ»H 
1/<CC*. ^MSa^8 5 0 9 C€rS^.Si, &ffi 

5 0 °Cfe{± 8 5 0 ■CfiTFJWff* UC^, <fc 0 LC^ 
®Sag©ffiH«5 7 0°C«±8 2 0 °COTr^S„ 
[0 040] M«ffliSHfl«. ^w>iMb*B±-r*fc 
A, 5 0 kPaOT^Ar ^^N^'X^iW« 
^3Wff*U*. 0. 1 kPaJMT©JS^*r«WBi* 

[0 04 1 ] «MBiflir©ftift^4ifictt. *SWB«^ 
«C, Fe.Bta, Fe 23 B 6 , R,Fe l4 B«, fcitfR, 

Fe^B.ta^aiacjeH^snrc^rfcfic^ *<D 

»»^t, R.Fe.jB.ftttWifeU, R 2 
Fe 14 B*H©«SfP8Bt<biKI9, *ti±0t*ir» 
Mift^^aiHtift (WiLttF e J3 B 6 ) ^>a- 

FeswisafltKr*. 



(6) 



[0042] *«ttffl?gJ:titX. «tt««:tt. VcSBSffi = 
<D¥-mmmV 1 n m«±5 0 n mOT©^ (t>» 

a>#s?» i-twa) #ae>*is. «c*. sastfssisii:© 

WmmS<DW-^m¥ a nmt5 nmfe(±2 5 n 
m«T©t5ffiiC**C£#MK:iff*U\, 
[0043] a-FeOi^ ^^JcSfttttB 

[ 0 0 4 4 ] fcfc, JNUiraftCC&$&&©ft«£8< w 10 

[0045] Muaaa. ft e,nfc^s#±ffl^«5^ 
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CLAIMS 



[Claim(s) ] 

[Claim 1] More than pentatomic % R of under 10 atom % (R is one or more 
sorts of rare earth metal elements), More than 10 atom % Q below 25 
atom % (one or more sorts of elements chosen from the group which Q 
becomes from B and C), and more than 0 atom % — M below 7 atom % (it 
Cr(s) and Nb(s) M — Mn and Ti — ) At least one sort of metallic 
elements chosen from the group which consists of Zr, V, W, Hf, and Mo 
are contained. The process at which the remainder is the molten metal of 
the alloy occupied with one or more sorts of elements chosen from the 
group which consists of Fe, Co, and nickel, and amorphous organization 
potency produces the molten metal of a high alloy as compared with the 
case where R more than 10 atom % is included, The manufacture approach 
of the raw material alloy for iron machine rare earth alloy magnets 
which includes the process which quenches the molten metal of said alloy 
and produces a quenching alloy. 

[Claim 2] The manufacture approach of the raw material alloy for iron 
machine rare earth alloy magnets according to claim 1 which produces the 
quenching alloy which contains 60% or more of the whole amorphous phase 
at the rate of a volume ratio in said quenching process by quenching the 
molten metal of said alloy with the cooling rate of 103-105 degrees 
C/second. 

[Claim 3] The manufacture approach of the raw material alloy for iron 
machine rare earth alloy magnets according to claim 1 or 2 which cools 
said alloy molten metal using the strip cast method. 

[Claim 4] More than pentatomic % R of under 10 atom % (R is one or more 
sorts of rare earth metal elements), More than 10 atom % Q below 25 
atom % (one or more sorts of elements chosen from the group which Q 
becomes from B and C), and more than 0 atom % — M below 7 atom % (it 
Cr(s) and Nb(s) M — Mn and Ti — ) At least one sort of metallic 
elements chosen from the group which consists of Zr, V, W, Hf, and Mo 



are contained. The process at which the remainder is the molten metal of 
the alloy occupied with one or more sorts of elements chosen from the 
group which consists of Fe, Co, and nickel, and amorphous organization 
potency produces the molten metal of a high alloy as compared with the 
case where R more than 10 atom % is included, The manufacture approach 
of the iron machine rare earth alloy magnet which includes the process 
which creates the quenching alloy which quenches the molten metal of 
said alloy and contains an amorphous phase, and the process which 
crystallizes said quenching alloy. 

[Claim 5] The manufacture approach of the iron machine rare earth alloy 
magnet according to claim 4 which produces the quenching alloy which 
contains 60% or more of the whole amorphous phase at the rate of a 
volume ratio in said quenching process by quenching the molten metal of 
said alloy with the cooling rate of 103-105 degrees C/second. 
[Claim 6] The manufacture approach of the iron machine rare earth alloy 
magnet according to claim 4 or 5 which cools said alloy molten metal 
using the strip cast method. 

[Claim 7] The manufacture approach of the iron machine rare earth alloy 
magnet which includes the process which prepares the raw material alloy 
for iron machine rare earth alloy magnets produced by the manufacture 
approach of a publication by either of claims 1-3, and the process which 
crystallizes said raw material alloy. 

[Claim 8] The manufacture approach of the bond magnet which includes the 
process which prepares the powder of the iron machine rare earth alloy 
magnet produced by the manufacture approach of a publication by either 
of claims 4-7, and the process which produces a bond magnet using said 
powder. 

[Claim 9] More than pentatomic % R of under 10 atom % (R is one or more 
sorts of rare earth metal elements), More than 10 atom % Q below 25 
atom % (one or more sorts of elements chosen from the group which Q 
becomes from B and C) , and more than 0 atom % — M below 7 atom % (it 
Cr(s) and Nb(s) M — Mn and Ti — ) At least one sort of metallic 
elements chosen from the group which consists of Zr, V, W, Hf, and Mo 
are contained. It is the raw material alloy for iron machine rare earth 
alloy magnets occupied with one or more sorts of elements chosen from 
the group which the remainder becomes from Fe, Co, and nickel. The raw 
material alloy for iron machine rare earth alloy magnets with which 
amorphous organization potency has a high alloy presentation as compared 
with the case where R more than 10 atom % is included including 60% or 
more of the whole amorphous phase at the rate of a volume ratio. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the iron machine rare 
earth alloy magnet used suitable for various motors or an actuator, and 
its manufacture approach. 
[0002] 

[Description of the Prior Art] The nano composite magnet ingredient 
containing 2 of hard magnetism phases (R2Fel4B etc.) and high 
magnetization ferromagnetism phases (a compound, alpha-Fe, etc. of Fe 
and B) phases is developed, for example, golden purity — Magnetics 
Society of Japan Vol.24 (2000) 196 and E. F. Kneller et. al. and IEEE 
Transaction Magnetics and Vol. 27 (1991) 3588, Z.Chen, and et. al. Journal 
of Alloys and Compound and Vol.287 (1999) 227 and R. Coehoorn et. 
a 1. Journal of Magnetism and Materials, Vol.80 (1989) 101, L. Withanawasam 
et. al. Journalof Applied Physics, Vol.76 (1994) 7065. 
[0003] When manufacturing these nano composite magnets, the rapid 
solidification alloy which has an organization containing many amorphous 
organizations or amorphous phases as a start raw material is used in 
many cases. It crystallizes by heat treatment and such a start raw 
material turns into a magnetic material which has the detailed 
organization whose diameter of average crystal grain is finally about 
10-9-10-6m. 

[0004] The organization after heat-of-crystallization processing is 
greatly dependent on the organization of the rapid solidification alloy 
before heat treatment. And magnetic properties are prescribed by the 
organization after crystallization. Since the organization of the rapid 
solidification [ be / quenching conditions / unsuitable ] alloy before 



heat treatment will become unsuitable, even if it adjusts subsequent 
heat treatment conditions how, the nano composite magnet which discovers 
sufficient magnetic properties cannot be obtained. Thus, when 
manufacturing the magnet excellent in what kind of quenching approach is 
chosen, the quenching conditions of an alloy molten metal are important 
in order to determine the organization of a quenching alloy. The melt 
spinning process is widely used as an approach of producing current and 
a quenching alloy. 

[0005] Depending on quenching conditions, it has a fine crystal 
organization, and also not through heat-of-crystallization processing, a 
rapid solidification alloy remains as it is, and may function as a 
magnet. However,' since the optimal range of such quenching conditions is 
very narrow and it is difficult to control quenching conditions with 
sufficient repeatability, it is not the mainstream of current and the 
nano composite magnet manufacture approach. 

[0006] A melt spinning process is the approach of injecting molten metal 
to up to a roll kneader through the tapping nozzle, and producing an 
amorphous alloy by quenching using tapping tubing which has an orifice 
(tapping nozzle) at the pars basilaris ossis occipitalis. The ingredient 
of tapping tubing is a quartz, an alumina, or BN (boron nitride). The 
quenching rate in a melt spinning process is quick in about 105 degrees 
C/[ a second and ] or more, and it has succeeded in amorphous-ization of 
various alloys by using this approach. 

[0007] The approach of producing the quenching alloy for single phase 
magnets is indicated by the specification of U.S. Pat. No. 4,802,931 
using such a melt spinning process. According to this approach, an alloy 
is dissolved, a thin tapping nozzle is passed by pressurizing the molten 
metal of that alloy by gas, the molten metal amount of supply is 
extracted, and tapping is carried out to a quenching roll, a quenching 
roll top — a molten metal — collecting (called a paddle) — in order 
to form, it is required to give sufficient rate for ** of a molten metal, 
and to push against the front face of a quenching roll. A tapping nozzle 
is indispensable in order to control the flow of this molten metal. It 
becomes possible to extend a molten metal thinly, and a thin thin band- 
like quenching alloy is produced by formation of a paddle. 
[0008] In a melt spinning process, the contact die length of an alloy 
molten metal and a quenching roll is short, and is 5mm or less about. 
Therefore, quenching is not completed on a quenching roll but 
radiationnal cooling under flight after exfoliating from a quenching 
roll serves as an important cooling process. 

[0009] Since there are troubles, like there is little amount of supply 



(they are the following amount of supply by lkg/at quenching in a melt 
spinning process) of that it is difficult for a melt spinning process to 
collect amorphous ribbons efficiently and the alloy molten metal to a 
quenching roll, it is not suitable for mass production method. Moreover, 
consumption of the nozzle which supplies an alloy molten metal is also 
intense, and the costs of a nozzle cannot disregard it, either. 
[0010] On the other hand, an alloy is produced by the strip cast method 
supplying an alloy molten metal continuously to up to tundish, and 
supplying continuously the molten metal made to pile up in constant 
temperature on tundish to up to a cooling roller. Continuous supply of 
the molten metal to a cooling roller top is realized by forming ****** 
of an alloy molten metal, since an alloy molten metal collects, by 
contacting a molten metal to the periphery front face of a cooling 
roller, the congelation of a molten metal is generated on a cooling 
roller, it is cooled by the ability pulling up, since this congelation 
moves with a roll periphery and a molten metal collects. Consequently, 
unlike the case of a melt spinning process, by the strip cast method, 
the contact die length of ****** of a molten metal and a roll peripheral 
face has a certain comparatively big range (about 5mm or more 50mm or 
less). Therefore, since molten metal cooling is mostly completed on a 
roll and a molten metal is not thinly extended by the strip cast method, 
thick one of the alloy produced is common. 

[0011] As mentioned above, by the strip cast method, in order to supply 
an alloy molten metal through tundish not using a tapping nozzle like a 
melt spinning process to up to the rotating roll, it is suitable for 
mass production method, and it is thought possible to realize the fall 
of a manufacturing cost. 
[0012] 

[Problem (s) to be Solved by the Invention] However, the strip cast 
method is used as a method of producing the metal cast piece which there 
is much amount of supply to the roll of an alloy molten metal, it is 
unsuitable as an approach of producing the quenching alloy containing 
many amorphous phases since a quenching rate is also slow, and 
crystallized completely chiefly (JP, 8~229641, A) . This is because the 
magnet property which it is necessary to find out the high alloy 
presentation of amorphous organization potency, and only the quenching 
alloy which hardly contains an amorphous phase even if it applies the 
alloy presentation which demonstrated the high engine performance by the 
conventional melt spinning process to the strip cast method as it is is 
obtained, but is finally acquired deteriorates, in order to produce the 
quenching alloy which contains many amorphous phases using the strip 



cast method. 

[0013] Amorphous organization potency raises the place which this 
invention is made in view of the above-mentioned situation, and is made 
into the purpose by limiting the presentation of a raw material alloy, 
and it is in offering the iron machine rare earth magnet alloy in which 
production by the strip cast method with a cheap manufacturing cost is 
possible, and an iron machine rare earth alloy magnet. 
[0014] 

[Means for Solving the Problem] The manufacture approach of the raw 
material alloy for iron machine rare earth alloy magnets by this 
invention More than pentatomic % R of under 10 atom % (R is one or more 
sorts of rare earth metal elements), More than 10 atom % Q below 25 
atom % (one or more sorts of elements chosen from the group which Q 
becomes from B and C), and more than 0 atom % — M below 7 atom % (it 
Cr(s) and Nb(s) M — Mn and Ti — ) At least one sort of metallic 
elements chosen from the group which consists of Zr, V, W, Hf, and Mo 
are contained. The process at which the remainder is the molten metal of 
the alloy occupied with one or more sorts of elements chosen from the 
group which consists of Fe, Co, and nickel, and amorphous organization 
potency produces the molten metal of a high alloy as compared with the 
case where R more than 10 atom % is included, The molten metal of said 
alloy is quenched and the process which produces a quenching alloy is 
included. 

[0015] In said quenching process, it is desirable by quenching the 
molten metal of said alloy with the cooling rate of 103-105 degrees 
C/second to produce the quenching alloy which contains 60% or more of 
the whole amorphous phase at the rate of a volume ratio. 
[0016] In a desirable operation gestalt, said alloy molten metal is 
cooled using the strip cast method. 

[0017] The manufacture approach of the iron machine rare earth alloy 
magnet by this invention More than pentatomic % R of under 10 atom % (R 
is one or more sorts of rare earth metal elements), More than 10 atom % 
Q below 25 atom % (one or more sorts of elements chosen from the group 
which Q becomes from B and C), and more than 0 atom % — M below 7 
atom % (it Cr(s) and Nb(s) M — Mn and Ti — ) At least one sort of 
metallic elements chosen from the group which consists of Zr, V, W, Hf, 
and Mo are contained. The process at which the remainder is the molten 
metal of the alloy occupied with one or more sorts of elements chosen 
from the group which consists of Fe, Co, and nickel, and amorphous 
organization potency produces the molten metal of a high alloy as 
compared with the case where R more than 10 atom % is included, The 



molten metal of said alloy is quenched and the process which creates the 
quenching alloy containing an amorphous phase, and the process which 
crystallizes said quenching alloy are included. 

[0018] In said quenching process, it is desirable by quenching the 
molten metal of said alloy with the cooling rate of 103-105 degrees 
C/second to produce the quenching alloy which contains 60% or more of 
the whole amorphous phase at the rate of a volume ratio. 
[0019] In a desirable operation gestalt, said alloy molten metal is 
cooled using the strip cast method. 

[0020] The manufacture approach of the iron machine rare earth alloy 
magnet by this invention includes the process which prepares the raw 
material alloy for iron machine rare earth alloy magnets produced by 
said one of manufacture approaches, and the process which crystallizes 
said raw material alloy. 

[0021] The manufacture approach of the bond magnet by this invention 
includes the process which prepares the powder of the iron machine rare 
earth alloy magnet produced by said one of manufacture approaches, and 
the process which produces a bond magnet using said powder. 
[0022] The raw material alloy for iron machine rare earth alloy magnets 
by this invention More than pentatomic % R of under 10 atom % (R is one 
or more sorts of rare earth metal elements), More than 10 atom % Q below 
25 atom % (one or more sorts of elements chosen from the group which Q 
becomes from B and C), and more than 0 atom % — M below 7 atom % (it 
Cr(s) and Nb(s) M — Mn and Ti — ) At least one sort of metallic 
elements chosen from the group which consists of Zr, V, W, Hf, and Mo 
are contained. The remainder is the raw material alloy for iron machine 
rare earth alloy magnets occupied with one or more sorts of elements 
chosen from the group which consists of Fe, Co, and nickel, and 
amorphous organization potency has a high alloy presentation as compared 
with the case where R more than 10 atom % is included, including 60% or 
more of the whole amorphous phase at the rate of a volume ratio. 
[0023] 

[Embodiment of the Invention] Generally, it has been thought that rare 
earth elements R contribute to improvement in amorphous generation 
ability when making the molten metal of an iron machine rare earth alloy 
cool and solidify. However, this invention person found out that this 
was not necessarily a fact by repeating various kinds of experiments. 
That is, when the presentation ratio of boron or carbon produced the 
iron machine rare earth alloy magnet below 25 atom % more than 10 atom % 
and the presentation ratio of rare earth elements R was restricted to 
under 10 atom %, the unexpected fact that amorphous phase organization 



potency improved rather than the case where the presentation ratio of 
rare earth elements R is more than 10 atom % on the contrary was found 
out. 

[0024] According to this invention, it becomes possible by reducing the 
content of rare earth elements R to realize fertilization of the raw 
material alloy for iron machine rare earth alloy magnets, and an iron 
machine rare earth alloy magnet using the strip cast method a cooling 
rate is slow, compared with a melt spinning process. 

[0025] In addition, since the rapid solidification alloy produced by the 
strip cast method becomes thick relatively rather than the rapid 
solidification alloy produced by the melt spinning process, it becomes 
close to a globular form compared with a powder configuration in case 
the configuration after grinding of a rapid solidification alloy (powder 
configuration) is based on a melt spinning process (an aspect ratio 
becomes close to l). Since it has the advantage that a filling factor 
increases when mixing with resin so that the aspect ratio of powder is 
close to 1, the powder of the rare earth magnet by this invention can be 
applied to a bond magnet, and can greatly raise a magnet property. 
[0026] The raw material alloy for iron machine rare earth alloy magnets 
of this invention more than pentatomic % R of under 10 atom % (R is one 
or more sorts of rare earth metal elements), More than 10 atom % Q below 
25 atom % (one or more sorts of elements chosen from the group which Q 
becomes from B and C), and more than 0 atom % — M below 7 atom % (it 
Cr(s) and Nb(s) M — Mn and Ti — ) It is the raw material alloy for iron 
machine rare earth alloy magnets occupied with one or more sorts of 
elements chosen from the group which at least one sort of metallic 
elements chosen from the group which consists of Zr, V, W, Hf, and Mo 
are contained, and the remainder becomes from Fe, Co, and nickel. 
[0027] If the alloy molten metal of the above-mentioned presentation is 
quenched, even if it reduces a cooling rate, it will become possible to 
produce the quenching alloy which contains 60% or more of the whole 
amorphous phase at the rate of a volume ratio by improvement in 
amorphous organization potency. 

[0028] or, as for the [reason for limitation of a presentation] Q, the 
whole quantity consists of B (boron) — or the combination of B and C 
(carbon) or C — since independent, it is constituted. If there are few 
presentation ratios x of Q than 10 atom %, when the cooling rate at the 
time of quenching is comparatively low in 102 degrees C/second - about 
104 degrees C/[ a second and ], even if it cannot produce a quenching 
alloy with which an amorphous phase exceeds the whole 60 volume % but 
heat-treats after that, only the low coercive force HcJ of less than 480 



kA/m will be acquired, for example. Moreover, also in a melt quenching 
method, it becomes impossible for process costs to adopt the 
comparatively cheap strip cast method, and the price of a permanent 
magnet will rise. On the other hand, if the presentation ratio x of Q 
exceeds 25 atom %, since the rate of an abundance ratio of alpha-Fe 
which has the highest saturation magnetization in a configuration phase 
to the increase of the rate of the volume ratio of the amorphous phase 
in which after heat-of-crystallization processing remains, and 
coincidence will decrease, a residual magnetic flux density Br will fall. 
As for the presentation ratio of Q, from the above thing, it is 
desirable to set it as the range below 25 atom % more than 10 atom %. 
[0029] R is rare earth elements which do not contain La and Ce 
substantially. Existence of La or Ce degrades coercive force and square 
shape nature. However, it is satisfactory when La and Ce (below 0.3 
atom %) of a minute amount exist as an impurity mixed unescapable. As 
for R, it is desirable that Pr or Nd is included as an essential element, 
and, more specifically, it may permute a part of the essential element 
by Dy and/or Tb. When the presentation ratio y of R becomes under the 
whole pentatomic %, the compound phase which has the R2Fel4B mold 
crystal structure required for the manifestation of coercive force does 
not fully deposit, but it becomes impossible to acquire the coercive 
force HcJ of 480 or more kA/m. Moreover, if the presentation ratio y of 
R becomes more than 10 atom %, amorphous organization potency will fall 
remarkably. It becomes impossible for this reason, to produce a rapid 
solidification alloy with which more than 60 volume % contains an 
amorphous phase depending on the strip cast method. The range of more 
desirable R is below 9. 5 atom % more than 6. 5 atom %, and the range of 
still more desirable R is below 9.0 atom % more than 7.5 atom %. 
[0030] Alloying elements M are at least one sort of metallic elements 
chosen from the group which consists of Mn, Ti, Cr, Nb, Zr, V, W, Hf, 
and Mo, and have the effectiveness of raising amorphous generation 
ability. However, if there is too much M, magnetization will fall. For 
this reason, as for the presentation ratio of M, it is desirable that it 
is in within the limits below 7 atom % more than 0 atom %. In addition, 
as an alloying element, Ti brings about desirable effectiveness 
especially. 

[0031] Although Fe occupies the content remainder of an above-mentioned 
element, even if it permutes a part of Fe by a kind of Co and nickel, or 
two sorts of transition-metals elements (T), it can obtain desired hard 
magnetic property. If the amount of permutations of T to Fe exceeds 50%, 
the high residual magnetic flux density Br beyond 0. 7T will not be 



obtained. For this reason, as for the amount of permutations, it is 
desirable to limit to 50% or less of range 0% or more. In addition, 
since the Curie temperature of R2Fel4 B phase rises while coercive force 
HcJ improves by permuting a part of Fe by Co, thermal resistance 
improves. The range where the amount of Fe permutations by Co is 
desirable is 40% or less 0. 5% or more. 

[0032] Next, the desirable operation gestalt of this invention is 
explained. 

[0033] With this operation gestalt, a raw material alloy is manufactured 
using strip cast equipment. In order to prevent oxidation of the raw 
material alloy containing the rare earth elements R and Fe which are 
easy to oxidize, an alloy production process is performed in an inert 
gas ambient atmosphere. As inert gas, rare gas and nitrogen, such as 
helium or an argon, can be used. In addition, as for nitrogen, it is 
desirable to use rare gas, such as helium or an argon, in order to tend 
to react in comparison with rare earth elements R. 

[0034] [the rapid solidification method of an alloy molten metal] — the 
molten metal of the raw material alloy expressed with the above- 
mentioned empirical formula is produced, and it is made to cool and 
solidify first by contact on the rotating roll In the case of this 
operation gestalt, it is desirable to carry out a cooling rate in 103- 
105 degrees C/second on the occasion of the cooling coagulation of a 
molten metal, and it is still more desirable to carry out in 104-105 
degrees C/second. 

[0035] The time amount by which the molten metal of an alloy is cooled 
with a roll kneader is equivalent to time amount after an alloy contacts 
the periphery front face of the rotating roll until it separates, and 
between them, the temperature of an alloy falls and is solidified. Then, 
the solidified alloy separates from a cooling roller. 
[0036] In this operation gestalt which adopted the strip cast method, 
60% or more of the whole produces the quenching alloy in an amorphous 
state at the rate of a volume ratio by adjusting roll surface velocity a 
second within the limits of 5m /or more 20m/second or less. In order 
that roll surface peripheral velocity may face quenching in a second in 
less than 5m /and a crystal phase may occur and grow, since the iron 
machine rare earth alloy magnet property made into the purpose is no 
longer acquired, it is not desirable. On the other hand, when performing 
next heat-of-crystallization down stream processing since the whole 
abbreviation for a rapid solidification alloy becomes an amorphous phase 
if roll surface peripheral velocity exceeds a second in 20m /, since a 
crystallization process advances rapidly and control of an organization 



becomes difficult, it is not desirable. The range of a more desirable 
roll quenching rate is 7m/second or more 15m/second or less. 
[0037] In addition, besides carrying out using the strip cast method for 
having been suitable for mass production, the melt pinning method can be 
used for the quenching method of an alloy molten metal used by this 
invention, and it can also perform it. Moreover, you may carry out using 
the cooling approaches other than these. 

[0038] With [heat treatment] book operation gestalt, heat treatment is 
performed in an argon ambient atmosphere. Preferably, a programming rate 
is carried out in 5 degrees C/second - 20 degrees C/second, and at 550- 
degree-C or more temperature of 850 degrees C or less, 30 seconds or 
more, after [ 20 or less minutes ] carrying out time amount maintenance, 
it cools to a room temperature. Of this heat treatment, into an 
amorphous phase, the fine crystal of a metastable phase deposits and 
grows and nano composite organization is formed. 
[0039] In addition, if heat treatment temperature is less than 550 
degrees C, since an R2Fel4B mold crystal phase does not deposit, 
coercive force is not discovered. Moreover, if heat treatment 
temperature exceeds 850 degrees C, grain growth of each configuration 
phase will be remarkable, a residual magnetic flux density Br will fall, 
and the square shape nature of a demagnetization curve will deteriorate. 
For this reason, although 550 degrees C or more 850 degrees C or less of 
heat treatment temperature are desirable, the range of more desirable 
heat treatment temperature is 570 degrees C or more 820 degrees C or 
less. 

[0040] A heat treatment ambient atmosphere has desirable inert gas, such 
as Ar gas of 50 or less kPas, and N2 gas, in order to prevent oxidation 
of an alloy. 0. You may heat-treat in the vacuum of 1 or less kPa. 
[0041] In the quenching alloy before heat treatment, metastable phases, 
such as Fe3 B phase, Fe23 B6, R2Fel4 B phase, and an R2Fe23B three phase 
circuit, may be contained in addition to the amorphous phase. In that 
case, by heat treatment, an R2Fe23B three phase circuit disappears, and 
the iron machine boride (for example, Fe23 B6) and alpha-Fe which show 
the saturation magnetization of R2Fel4 B phase, an EQC, or saturation 
magnetization higher than it carry out crystal growth. 
[0042] Inm or more organization 50nm or less (nano composite structure) 
is got for the diameter of average crystal grain of a soft magnetism 
phase by this operation gestalt ****** and the last target. In addition, 
as for the diameter of average crystal grain of the viewpoint of the 
improvement in magnetic properties to a soft magnetism phase, it is 
still more desirable that it is in the 5nm or more range of 25nm or less. 



[0043] Even if a soft magnetism phase like alpha-Fe exists in the case 
of this invention, in order that a soft magnetism phase and a hard 
magnetism phase may join together magnetically by the exchange 
interaction, outstanding magnetic properties are demonstrated. 
[0044] In addition, the thin band of a quenching alloy may be coarsely 
cut or ground before heat treatment. 

[0045] If the obtained iron machine rare earth alloy magnet is 
pulverized after heat treatment and magnet powder (magnetic powder) is 
produced, various bond magnets can be manufactured according to a well- 
known process from the magnetic powder. When producing a bond magnet, 
nano composite magnetic powder is fabricated by the desired 
configuration mixed with an epoxy resin or Nylon. At this time, other 
magnetic powder, for example, Sm-Fe-N system magnetic powder, and hard 
ferrite magnetic powder of a class may be mixed to nano composite 
magnetic powder. 

[0046] Various kinds of rotating machines, such as a motor and an 
actuator, can be manufactured using an above-mentioned bond magnet. 
[0047] When using the powder of the iron machine rare earth alloy magnet 
by this invention for injection-molding bond magnets, it is desirable to 
grind so that grain size may be set to 150 micrometers or less, and the 
mean particle diameter of more desirable powder is 1 micrometers or more 
100 micrometers or less. Moreover, when using for compression-molding 
bond magnets, it is desirable to grind so that grain size may be set to 
300 micrometers or less, and the mean particle diameter of more 
desirable powder is 30 micrometers or more 250 micrometers or less. The 
still more desirable range is 50 micrometers or more 150 micrometers or 
less. 

[0048] According to this operation gestalt, powder with the aspect ratio 
near 1 is obtained, it accumulates, a filling factor improves, and the 
property of a bond magnet improves. 

[0049] (An example and example of a comparison) The molten metal of the 
raw material alloy of the presentation shown in the following table 1 
was prepared, and the quenching thin band was produced with small melt 
spinning equipment. The tapping nozzle used the copper roll as a 
quenching roll using the thing with an orifice with a bore of 1.0mm. 
Roll peripheral velocity was carried out in 15m/second, and the thin 
band of a rapid solidification alloy was produced. The thickness of the 
thin band of the obtained rapid solidification alloy was 40 micrometers, 
and width of face was 1. 2mm. 
[0050] 
[Table 1] 
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[0051] In Table 1, "Nd9. 06" means that the presentation ratio of Nd is 
9.06 atoms % (atomic %). 

[0052] until it becomes the size of 150 micrometers or less about the 
thin band of the obtained rapid solidification alloy — grinding — 
Powder XRD (Cu-Kalpha) — it gazed at the powdered crystalline structure 
by law. 

[0053] Moreover, the crystallization calorific value of each sample was 
measured by the DSC method. It is thought that the crystallization 
calorific value of each sample becomes large in proportion to the rate 
of the amorphous phase contained in the quenching alloy before 
performing heat-of-crystallization processing. Since it was checking 
that about 100% of a rapid solidification alloy was an amorphous phase 
in the example 2 from the result of the powder XRD method, 
crystallization calorific value of an example 2 was made into 100%, the 
crystallization calorific value of each sample was standardized and it 
was made into the amorphous rate of each sample. The result is shown in 
Table 1. 

[0054] Drawing 1 shows those powder XRD patterns about the example 1, 
the example 2, and the example 1 of a comparison. Between the quenching 
alloy atom [ about 9 ] % Containing Nd, and the quenching alloy which 
contains Nd more than 10 atom %, amorphous generation ratios differ 
greatly so that drawing 1 may show. That is, when Nd is included more 
than 10 atom % to the organization where more than 80 volume % consists 
of amorphous phases being obtained when Nd is included a 9 atom % grade, 
the diffraction peak which already originates in an R2Fel4B mold crystal 
phase in the condition before heat-of-crystallization processing is 
appearing strongly. Moreover, it was confirmed by the alloy system which 
added Ti as an additive that amorphous generation ability is improving. 
[0055] Next, other alloys shown in Table 1 were fused, and the rapid 
solidification alloy was produced with strip cast equipment. Roll 
peripheral velocity in this case was carried out in 9m/second, and 
concentrated the molten metal through the tundish from 45 degree upper 
part of slanting of a roll. The thickness of the produced rapid 



solidification alloy was 100 micrometers - 170 micrometers. The 
amorphous rate of each sample is shown in the rightmost column of Table 
1. In addition, the amorphous rate shown in Table 1 is the rough value 
which made crystallization calorific value of an example 2 100%, and 
standardized and calculated the crystallization calorific value of each 
sample. 

[0056] As shown in Table 1, in the example of this invention, the 
amorphous rate (rate of a volume ratio) of occupying in a rapid 
solidification alloy is large compared with the example of a comparison, 
and the amorphous form engine performance of an alloy is improving 
remarkably. 
[0057] 

[Effect of the Invention] According to this invention, the raw material 
alloy for iron machine rare earth alloy magnets producible by the strip 
cast method is offered as a result of the improvement of amorphous form 
engine performance of an alloy. Consequently, it becomes possible to 
fertilize conventionally the composite magnet of the iron machine rare 
earth alloy with which cooling rates, such as a melt spinning process, 
were produced in small lots using comparatively quick quenching 
equipment at cost lower than before. 

[Translation done. ] 
* NOTICES * 

JP0 and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the graph which shows the powder X diffraction pattern 
of the rapid solidification alloy before heat treatment about the 
example and the example of a comparison of this invention. 
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[Drawing 1] 
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